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energy consumption and serious pollution. China will strengthen the development and utilization of 
wind, solar, biomass and other renewable energies in the future, which will reduce the level of carbon 
emissions. However, China's rapid growth in renewable energy, particularly wind, has been accompanied 
with some growing pains, and there is room for improving the legal framework to address these 
Keywords: challenges. A reasonable renewable energy tariff policy has a pivotal role for changing China's current 
Renewable energy situation. This paper introduced the current development situation of renewable energy, analyzed the 
Feed-ini tarti i evolution and implementation effect of the renewable energy tariff policy and discussed the problems of 
Renewable energy tariff policy : DP : ; A : : is $ ‘ 
Tariff surcharge subsidies the renewable energy tariff policy in China. On this basis, this article proposed feasibility tariff policy 

recommendations to solve the problems, which important theory significance and the practical 
application value. 
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1. Introduction 


As one of the largest energy consumption countries in the world, 
China faces the challenge of accommodating the ever-growing 
energy demands, increased pollution, and rising greenhouse gas 
emissions [1]. Renewable energy development represents a funda- 
mental part of the strategy for tackling this challenge. The Chinese 
government has ramped up efforts to achieve commercialization 
of the renewable energy sector, especially in the wind, solar and 
biomass industries. It is widely known that coal, oil, natural gas 
and other fossil energies have played a dominant role in primary 
energy consumption structure for a long time in China [2] (China's 
coal consumption was 3.425 billion t, accounting for 68.8% of 
the total primary energy consumption in 2011). The energy and 
environment problem becomes serious gradually with the devel- 
opment of the Chinese economy, which means that speeding up 
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Fig. 1. China GDP and electricity consumption from 2001 to 2011. 
Statistics Source: China Statistical Yearbook, China Electric Power Yearbook. 
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Fig. 2. Proportion of the energy structure of power generation capacity of full 
caliber in 2011 . 
Source: Data from CEC (China Electricity Council). 


the development and utilization of renewable energy has become 
the most significant way to deal with these problems. China's 
renewable energy reserves are abundant, but the utilization rate is 
still low compared to the total reserves [3]. Against this back- 
ground, the concept and objectives of developing renewable 
energy and achieving green growth have been incorporated in 
the “12th Five-Year Plan”, which focus on the development of wind 
power, hydropower, solar, biomass and other renewable energy 
sources [4]. Currently, due to the restriction of technical, cost and 
other factors, renewable energy generation development is still 
relatively slow in China. Therefore, various supporting policies are 
needed with the purpose of achieving the goal of developing 
renewable energy, such as tariff policy, fiscal policy and the quota 
policy, etc. [5]. The tariff policy, which plays an important role in 
promoting the development and utilization of renewable energy, 
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Fig. 3. Proportion of the energy structure of the generating capacity of China's full 
caliber in 2011 . 
Source: Data from CEC (China Electricity Council). 


Table 1 

Key indicators for the development and use of renewable energy during the “12th 
Five-Year Plan”. 

Source: “Renewable Energy in 12th Five-Year Plan”. 


Content Exploit scale Annual Standard coal 
quantity output (million t/yr) 
(million kW) of energy 
(billion kW) 
Generation 394 1203 390 
Hydropower (excluding 260 910 295.8 
pumped storage) 
Wind power into the grid 100 190 61.8 
Solar power 21 25 8.1 
Biomass power 13 78 24.3 
Agriculture and forestry 8 48 15.0 
biomass power generation 
Biogas power generation 2 12 37.0 
Garbage power generation 3 18 5.6 
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Wind power Solar power Biomass power 


Fig. 4. Renewable energy planning objectives . 
Source: “Renewable Energy in 12th Five-Year Plan” and “Biomass Energy in 12th 
Five-Year Plan”. 


Table 2 

Wind resources in seven 10-million kW wind power bases. 

Source: Institute of Geographical Sciences and Natural Resources, Chinese Sciences 
Academy. 


Districts Wind resources (250- Wind resources 
300 W/m?) (GW) (300 W/m?) (GW) 
Inner Mongolia - 1300 
Hami region in Xinjiang - 250 
Dam area in Hebei province — 79.3 
Jiuquan in Gansu province - 210 
Baicheng, Songyuan, 1100 15.4 
Shuangliao in Jilin province 
Offshore of Jiangsu province — 13.9 
(water depth of 5-25) 
Inner Jiangsu province 3.4 - 
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Fig. 5. On-grid wind power installed capacity and electricity generation from 2005 
to 2011. 
Source: China Wind Energy Association (CWEA) 


Table 3 
Solar energy resource distribution in China. 
Source: China Environmental Science Press, 2007. 


Category Annual solar Percent of Areas 
radiation (kWh/m?) total area (%) 
Most abundant 21750 17.4 


is one of the most direct, sensitive and effective means and has 
also been proved to be the most effective policy [6]. 

At present, China is in a key period of the electric system 
reform for the transformation of energy price mechanisms. The 
tariff policy, which promoted China's rapid growth in renewable 
energy, has been accompanied by some problems [7]. What effects 
do the promulgation and implementation of the tariff policy bring 
for industry development? How to improve the tariff policy with 
the development of renewable energy? How to maximize the role 
of the tariff policy to boost the healthy and sustainable develop- 
ment of renewable energy? This article will discuss these pro- 
blems mentioned above deeply. The second part of this article will 
give an overview of China's renewable energy and the future 
development planning; the evolution, implementation and effects 
of the renewable energy tariff policy will be described in the third 
section; the fourth part will discuss the problems in renewable 
energy tariff policy, and then the feasibility recommendations for 
the problems will be put forward. The article will end with some 
conclusions about the development of China's renewable energy. 


2. Renewable energy resources in China 
2.1. Overview on renewable energy development 


China's power industry has achieved rapid development, and 
china has become a major country in energy production and the 
demand for energy with the economic development continuously 
growing [8]. Electricity consumption of the whole society reached 
4.6928 trillion kWh in 2011, a year-on-year increase of 11.74% as 
shown in Fig. 1. 

China's total energy supply from renewable energy demon- 
strated an average annual growth rate of about 12% between 2000 
and 2010 and substituted 293 million t of coal equivalents by the 
end of that period. Renewable energy has had rapid development, 
but is still a small proportion in the whole energy consumption. 
The issue of irrational power structure is increasing prominently. 
As Figs. 2 and 3 show, coal-fired electricity contributed around 80% 
of the electricity supply in China by 2011, and it also accounts for 
72.5% of the installed power generation capacity of the accounting 
caliber and 82.55% of the generating capacity of the full caliber. 

In order to adjust and optimize China's energy structure, 
“Renewable Energy in 12th Five-Year Plan” was issued by the 
National Energy Board, clearly pointed out that the renewable 
energy generation will rise to be an important power in the 
electricity system in the future and some specific development 
indicators will be put forward [9], as described in Table 1. 
Furthermore, the “Planning” also brings forward installed capacity 
target of hydropower, wind power, solar energy and biomass 
power, which is shown in Fig. 4. In the 12th Five-Year Plan, policy 
makers called for non-fossil fuel energy production to reach and 
stay above 11% of total energy production by 2015. If all renewable 
energy targets are met, the annual consumption of renewable 


Tibet, south Xinjiang, Qinghai, Gansu, and West Inner Mongolia 
North Xinjiang, Northeast China, East Inner Mongolia, Huabei, North Jiangsu, Huangtu Plateau, 


East Qinghai and Gansu, West Sichuan, Hengduan Mountain, Fujian, South Guangdong, and Hainan 


Hill areas in Southeast, Hanshui river basin, West Guangxi 


Very abundant 1400-1750 42.7 
Abundant 1050-1400 36.3 
Normal < 1050 3.6 Sichuan and Guizhou 
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energy will contributed to emission reduction of 1 billiont of 
carbon dioxide, 7 million t of sulfur dioxide, 3 million t of nitrogen 
oxides and 4 million t of dust, and a saving of 2.5 billion m? of 
water by 2015 [10]. 


2.2. Wind energy 


China's wind energy resources can be developed about 1 bil- 
lion kW, while the current exploitation is just 0.26 million kW, 
which means that the developing space is very considerable. 
China's wind energy resources are mainly concentrated in the 
north, northeast, northwest, southeast coastal areas and local 
inland areas [11], as shown in Table 2. 

With the support of effective policy, the new installed capacity 
of wind power in China soared from 41.7 MW in 2001 to 
17,630.9 MW in 2011. The cumulative installed capacity of wind 
power sharply increased from 381.2 MW to 62,364.2 MW. Fig. 5 is 
the installed capacity and electricity generation of on-grid Wind 
Power. China's wind power has achieved rapid development, but 
the gap between different regions is large [12]. For instance, the 
Inner Mongolia Autonomous Region's new installed capacity 
was 3736.4 MW in 2011, cumulative installed capacity reached 
17,594.4 MW, while the cumulative installed capacity of Sichuan 
was only 16.0 MW. 

The development goals of wind power in the future is pointed 
out in “Renewable Energy in 12th Five-Year Plan”. The total on-grid 
wind power installed capacity will reach 100 GW and the annual 
electricity generation will be more than 190TWH, including 5 GW 
from offshore wind power installed capacity by 2015.The total 
on-grid wind installed capacity will reach 30 GW by 2020 [13]. 
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Fig. 6. Solar power installed capacity and electricity generation from 2005 to 2011. 
Source: National Energy Board. 


Table 4 
China's biomass geographical distribution. 
Source: NDRC (Development and Reform Commission). 


2.3. Solar energy 


China does have abundant solar energy resources, with more 
than 60% of its land area having abundant solar radiation, 
especially in the northwest, Tibet and Yunnan regions [13], as 
shown in Table 3. Although China is rich in solar resources, the 
provinces that receive the most sunlight are predominantly rural 
and not well connected to the national power grid [14]. The high 
prices of photovoltaic systems, small markets, and inconsistent 
grid connection standards have also been constraints on China's 
photovoltaic use [15]. 

In recent years, with the development of solar technology and 
materials industry, the cost of solar photovoltaic material con- 
tinues to decline, which expands its installed capacity [16]. The 
installed capacity of solar power generation was approximately 
3 GW in 2011, compared with 0.07 GW in 2005. As shown in Fig. 6. 

The “Solar power development in the 12th Five-Year Plan” 
clearly defines the specific objectives of solar photovoltaic for 
the future. The solar power capacity will reach more than 
21 million kW and the annual generation capacity will achieve 
25 billion kW by 2015, including 10 million kW of total installed 
capacity of distributed photovoltaic power generation, 10 mil- 
lion kW of total installed capacity of grid-connected photovoltaic 
power generation capacity and 1 million kW of total installed 
capacity of solar thermal power. 


2.4. Biomass energy 
Biomass energy resources are abundant in China. According 


to resources, biomass energy can be divided into waste of 
agricultural, forestry, industrial, animal and sewage, and energy 
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Fig. 7. Biomass installed capacity and electricity generation from 2005 to 2011 . 
Source: NDRC (Development and Reform Commission). 


Biomass species Sequence Range (t) Provinces (regions) 
Straw The top five > 4500 Henan, Shandong, Heilongjiang, Jilin, Sichuan 
After five < 240 Tianjin, Qinghai, Tibet, Shanghai, Beijing 
Forest The top five > 21,000 Tibet, Sichuan, Yunnan, Heilongjiang, Inner Mongolia 
After five <60 Jiangsu, Ningxia, Chongqing, Tianjin, Shanghai 
Garbage The top five > 800 Guangdong, Shandong, Heilongjiang, Hubei, Jiangsu 
After five < 181 Tianjin, Ningxia, Hainan, Qinghai, Tibet 
Wastewater The top five > 250,000 Guangdong, Jiangsu, Zhejiang, Shandong, Henan 
After five < 45,000 Gansu, Hainan, Ningxia, Qinghai, Tibet 
Accumulator class The top five > 21,500 Henan, Shandong, Sichuan, Hebei, Hunan 
After five < 3000 Hainan, Ningxia, Beijing, Tianjin, Shanghai 
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crops [17]. The distribution of biomass energy in China is uneven 
and the differences between provinces are obvious. About 70% of 
the biomass power generation, biomass liquid and gaseous fuels 
industry are distributed in 12 provinces and autonomous regions, 
as shown in Table 4. 

With the support of national feed-in tariff incentives, China's 
biomass power industry had made significant progress [18]. 
Biomass power installed capacity reached 5.5 million kW in 
2010, compared with 1.4 million kW in 2006, the average annual 
growth rate is 40.8%. The installed capacity and electricity gen- 
eration of biomass is shown in Fig. 7. 

“Renewable energy in the 12th Five-Year Plan” clearly pointed 
out that biomass power installed capacity will reach 13 million kW 
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by the end of 2015, including 8 million kW of agriculture, forestry, 
biomass power generation, 200 million kW of biogas power genera- 
tion and 300 million kW of garbage incineration power generation. 


3. Renewable energy tariff policy evolution and effects 


From the above analysis, it is obvious that China has great 
potential in renewable energy resources, and it also has made 
remarkable achievements in renewable energy's development 
and utilization. It is difficult to achieve rapid development for 
China's renewable energy without the supporting of tariff policy. 
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Fig. 9. Tariff policy evolution of solar photovoltaic power. 
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This section will focus on the tariff policy evolution of wind, solar 
and biomass energies, as well as the implementation effects. 


3.1. Policy evolution and implementation 


3.1.1. Feed-in tariff policy for renewable energy 

Tariffs of wind power in China have experienced four stages: 
approval tariff stage, coexistence of bidding price and approved 
tariffs stage, bidding plus consenting stage and fixed tariffs stage, 
as shown in Fig. 8. 

The specific implementation of wind power feed-in tariff is as 
follows: before 2003, the lowest feed-in tariff of wind power was 
0.38 RMB/kWh, while the highest was more than 1 RMB/kWh [19]. 
After 2003, the NDRC organized a few of wind power concession 
projects, for which investors were selected via public tendering. 
However, the prices formed through concession bidding were 
generally low, about 0.38-0.5 RMB/kWh, while the prices without 
concession bidding approved by the local government were 
generally high, at 0.5-0.8 RMB/kWh. In July, 2008, the price level 
of 48 wind power projects approved by the NDRC was between 
0.51 and 0.61 RMB/kWh [20]. The “Improving Policies on the Feed- 
in Tariff of Wind Power” promulgated by NDRC in August 2009, 
enacted a fixed feed-in tariff. The whole country is divided into 
four classes of wind energy resource regions with the benchmark 
feed-in tariffs were 0.51, 0.54, 0.58 and 0.61 RMB/kWh according 
to the policy [21]. 

Tariffs of solar photovoltaic power in China have gone through 
the approval tariff stage, bidding price stage and fixed price stage, 
as shown in Fig. 9. 

The specific implementation of solar photovoltaic feed-in tariff 
is as follows: in 2007, the solar power price of Inner Mongolia, 
Shanghai and Chongming approved by NDRC was 4 RMB/kWh. 
In 2009, the feed-in tariff for the first batch of concession projects 
was 1.09 RMB/kWh, while the temporary feed-in tariff for solar 
photovoltaic power plant project in Ningxia was 1.15 RMB/kWh in 
April, 2010. In October, 2010, the lowest feed-in tariff for the 
second batch of concession projects was 0.73 RMB/kWh, while the 
highest was 0.99 RMB/kWh; in July, 2011, China's energy regulator 
announced a new circular on the feed-in tariff for solar photo- 
voltaic power. The “Improving Policies on the Feed-in Tariff of 
Solar Photovoltaic Power” issued in 2011, introduced a unified 
feed-in tariff for solar photovoltaic power projects. The national 
feed-in tariff is RMB 1.15/kWh for projects completed by December 
31, 2011, and RMB 1.0/kWh for projects approved by July, 2011, but 
not completed before the end of the year. The NDRC will from time 
to time adjust the price according to certain factors such as 
investment cost changes and technical advances [22]. 

Tariffs of biomass power in China have undergone govern- 
mental designated price and governmental guided price. 


Table 5 
Specific implementations of tariff surcharge subsidies for renewable energy. 


The specific implementation of biomass power feed-in tariff is 
as follows: before the establishment of a nationwide biomass feed- 
in tariff, under the policy set in 2007, the national feed-in tariff of 
biomass power exercised governmental designated price, which 
was equal to 0.25 RMB/kWh plus the 2005 benchmark desulfur- 
ized coal price in the area, where the facility was located for a 
period of 15 years [23]. On July, 2010, The “Improving Policies on 
the Feed-in Tariff of agriculture and forestry biomass power” 
issued in 2011 set at the feed-in tariff of the agriculture and 
forestry biomass power projects was 0.75 RMB/kWh [24]. 


3.1.2. Grid connection expenses 

The “Interim Measures on Renewable Energy Surcharge elec- 
tricity subsidy funds management” issued by NDRC stipulated that 
grid connection expenses paid by grid companies for the purchase 
of renewable power and other reasonable expenses may be 
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Fig. 11. Chinese wind power investment from 2006 to 2010. 


Tariff surcharge Content 

subsidies 

Scope First, the part that renewable energy power feed-in tariff, approved by the government energy department, is higher than the local desulfurized 
coal benchmark price; second, the part that operation and maintenance costs of public renewable energy independent power system, constructed 
by government investment or subsidies, is higher than the average sale price of local provincial grid; and third, subsidies for the grid connection 
expenses of renewable energy power generation projects 

Standard The surcharge standard gradually increased from 0.001 RMB/kWh in June, 2006, not including electricity for agricultural use, to 0.002 RMB/kWh 
in July, 2008, except electricity for residential use and fertilizer, which remains 0.001 RMB/kWh, to 0.004 RMB/kWh in November, 2009 and up to 
0.008 RMB/kWh in 2012 

Collection Renewable surcharge subsidies levied on electricity users (including the bulk sale object of the provincial grid company, captive power plant 


users, large users that buy electricity directly from the power plant) within the grid company services of provincial level and above. Users from 
urban and rural power supply grid, Tibet and engaged in agricultural production were temporarily waived 
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included into the power transmission cost of grid companies and 
retrieved from the selling price [25]. Depends on transmission 
distances and renewable power will be collected at 0.01 RMB/kWh 
for within 50 km, 0.02 RMB/kWh for 50-100 km, and 0.03 RMB/ 
kWh for 100 km or longer distances [26]. 


3.1.3. Tariff surcharge subsidies 

China's rapid deployment of renewable energy since the 
enactment of the Renewable Energy Law has been primarily 
funded through a national surcharge on electricity consumption 
[27]. The NDRC issued the “Interim Measures on Renewable Energy 
Electricity Prices and Cost Sharing Management” in 2006, which 
directed NDRC's pricing department to set a nationwide renewable 
energy surcharge levied on electricity users at a unified standard 
based on the users' consumption of electricity [28]. The policies, 
“Interim Measures on Revenue Allocation from Renewable Sur- 
charges” “Interim Measures on the Renewable Energy Develop- 
ment Special Fund”, etc., defined the scope, standard and 
collection of the tariff surcharge subsidies for renewable energy. 
Specific implementations are as shown in Table 5. 


3.2. Tariff policy effects 


Chinese renewable energy has been gained rapid development 
since the Renewable Energy Law’, “Interim Measures on Renewable 
Energy Electricity Prices and Cost Sharing Management’, etc. were 
enacted. In recently years, China has made a significant progress in 
the exploitation and use of renewable resources. With continuous 
optimization of the energy structure, the proportion of the coal 
consumption drops from 95% in 1952 to 68.6% in 2010 and the 
proportion of the renewable energy increased step by step [29]. 
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Fig. 13. Statistics of renewable energy tariff surcharge from 2006 to 2010. 


3.2.1. Development of renewable energy industry 

The enactment of the Renewable Energy Law and related tariff 
policies have been facilitated China's rapid deployment of renew- 
able energy industry. The annual total use of renewable energy 
(including the use of solar thermal, gas and non-commercial 
renewable energy) was equivalent with about 300 milliont of 
standard coal in China, accounted for 9.6% of the total energy 
consumption by the end of 2010 [30]. The production of installed 
capacity in the “11th Five-Year” period was 40 times more than 
that of the “10th Five-Year” period. In the global market, China's 
photovoltaic cell manufacturing industry annual output accounted 
for 40% of global production at the end of “11th Five-Year”; in 
domestic market, the new installed capacity in 2009 and 2010 was 
equivalent to the previous cumulative installed capacity [31]. 
Meanwhile, with the diversified development of biomass, the 
installed capacity of biomass power generation reached about 
5.5 million kW by the end of 2010, the using amount of methane 
was about 13 billion m? and 1.8 million t of biological fuel alcohol. 
Fig. 10 shows the development of renewable energy generation 
capacity from 2005 to 2100. 


3.2.2. Growth of renewable energy investment 

The investment of renewable energy has been rapidly growing 
for the tariff policies were enacted. Firstly, the wind power 
investment. The investment of wind power construction in China 
increased rapidly compared with the previous period, with the 
average annual growth of 93.9% in the “11th Five-Year” period. 
China's investment of wind power was 81.9 billion RMB in 2010, a 
year-on-year increase rate of 13.9%. The proportion of wind power 
investment accounted for the total investment of power supply 
was increasing year by year, reached 24.27% in 2010 and increased 
by 22.5% compared to 2006 [32]. Chinese wind power investment 
from 2006 to 2010 is shown in Fig. 11. Secondly, the solar 
photovoltaic power generation investment. After 30 years’ efforts, 
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Fig. 15. Amount of subsidies for wind power generation projects. 
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Chinese photovoltaic power generation industry has ushered in a 
new stage of development. The investment in solar power has 
been experiencing a rapid growth. For example, the investment of 
the first CPV power plant project in Eerduosi, Neimenguwere 
started in 2006 and put into operation in 2008 was RMB 21 
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Fig. 17. Amount of subsidies for solar photovoltaic power generation projects. 
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million; in 2009, the investment of 10 MW solar power plant 
project invested by Chinese government in Dunhuang, Gansu was 
500 million; the 1 GW solar power plant project which divided 
into three stages in Caidamu Basin, Qihai was started in 2009, the 
size of first stage was 30 MW and the investment of first stage was 
RMB 1 billion [33]. China's investment in solar power generation is 
expected to reach 250 billion RMB during the 12th Five-Year Plan. 
Thirdly, the biomass power generation investment. By the end of 
2009, the total investment of the biomass power generation in 
China was 45.2 billion RMB, compared with 2006 of 16.8 billion 
RMB, which increased 39.1% averagely during that time. The total 
installed capacity that has been put into operation, was 1.4 mil- 
lion kW in 2006 increased to 4.3 million kW in 2009, with an 
average annual growth rate of 45.4%. The installed capacity of 
biomass power was more than 5 million kW and the cumulative 
investment has been reached to 58.6 billion RMB in 2010 [34], as 
shown in Fig. 12. 


3.2.3. Increase of renewable energy subsidies 

Since the Renewable Energy Law was enacted, China has made 
a significant increase in renewable energy subsidies. The original 
Renewable Energy Law expressly stated that the costs associated 
with feed-in tariffs and the reasonable costs associated with 
connecting renewable generators to the grid are to be shared 
nationwide through a surcharge on end-users of electricity. From 
2006 to 2008, 483 renewable energy projects obtained 5.25 bil- 
lion RMB subsidies through tariff surcharge compared to 6.652 bil- 
lion RMB in 2009; 65 public renewable energy independent power 
systems obtained subsidies 25 million RMB compared to 60 mil- 
lion RMB in 2009; 173 access network projects of renewable 
energy generation obtained 73 million RMB subsidies compared 
to 269 million RMB in 2009. The total amount of subsidies has 
grown rapidly, from 5.35 billion RMB in 2006-2008 to 6.98 bil- 
lion RMB in 2009 [35]. Fig. 13 shows the statistics of renewable 
energy tariff surcharge subsidy from 2006 to 2010. 

The amount of China's renewable energy tariff surcharge 
subsidy was 8.91 billion RMB from January 2010 to September. 
The amount of subsidies for renewable energy generation projects, 
wind power projects, biomass power generation projects and solar 
photovoltaic power generation projects is shown in Figs. 14-17. 


The amount of subsidies for public renewable energy independent power systems, 1-9, 2010. 


Area Project name Installed capacity (kW) Subsidies (million RMB) 
Gansu Off-grid wind-solar-electricity “Send Electricity to the Village” project 971.00 1.9420 
Sino-Japanese cooperation in Dunhuang Jadin project 200.00 0.6000 
Sino-German cooperation projects for financial assistance 123.70 0.3711 
Qinghai The “Send Electricity to the Village” project of Qinghai Province 3943.00 11.8290 
Sanjiangyuan project 519.38 1.5581 
Qinghai subprojects of Sino-German cooperation projects on solar photovoltaic power plant 454.40 1.3632 
Xinjiang 1 and 2 phases of wind energy company Sino-German project 100.50 0.3015 
289.60 0.8688 
The solar photovoltaic power station of Xinjiang Production and Construction Corps 1310.00 39.300 
The “Send Electricity to the Village” project of Xinjiang Province 1561.30 46.8.39 
Tibet The independent system of Tibet Autonomous Region 3000.00 9.0000 
Yunnan Sino-German financial cooperation on Yunnan solar project 100.50 0.3015 
Sino-German technical cooperation (Yunnan) on solar power supply system project 298.50 0.8955 
Sino-German financial cooperation on Yunnan solar projects (new production parts) 233.60 0.7008 
Sino-German technical cooperation on solar power supply system project (new production parts) 12.80 0.0384 
Sichuan The “Send Electricity to the Village” project of Ganzi, Aba, etc. 1245.55 3.7367 
Mengxi The “Send Electricity to the Village” project of Inner Mongolia 662.45 1.9873 
Total 15,026.28 441078 
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From January 2010 to September, the total installed capacity of 
public renewable energy reached 15,000 kW, 16 independent 
power systems of public renewable energy obtained subsidies 
for 44 million RMB, as shown in Table 6. 

From January 2010 to September, 407 access network projects 
of renewable energy power generation obtained 366 million RMB 
cumulative subsidies. Fig. 18 is the amount of subsidies for access 
network projects of renewable energy. 


4. Problems and countermeasures of renewable energy 
tariff policy 


4.1. Problems of renewable energy tariff policy 


The evolution and implementation of renewable energy tariff 
policy have been discussed in this article. It can be seen from the 
above analysis that the tariff policy has promoted the develop- 
ment of renewable energy at the beginning of implementing, 
however, at the same time, some factors of tariff policy that 
hinder its development are gradually turned up with the rapidly 
changing of external environment and rapidly development of 
renewable energy. In general, the imperfections of current tariff 
policy probably make the development of China's renewable 
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Fig. 18. Amount of subsidies for access network projects of renewable energy from 
2006 to 2010. 
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energy industry in a relatively passive situation. And specifically, 
the problems mainly exist in the specific implementation of tariff 
policy, such as the problems of feed-in tariff, grid connection 
expenses and tariff surcharge subsidies. Which all probably will 
become the restrictive factors for the development of renewable 
energy. 


4.1.1. Problems of feed-in tariff 

The current renewable energy feed-in tariff policies still have 
many shortcomings which need to be improved urgently. The 
problems are mainly reflected in the following aspects: for wind 
power, the fixed benchmark price cannot play the role of price 
signal to guide investment, which ensures that wind farms can 
achieve certain return on investment. However, it also isolates the 
wind farm from market signals-price. Wind farms cannot respond 
to market price signals, which make the peak-to-valley difference 
increased and the anti-peaking effect is obvious [36]. Second, 
because the feed-in tariff is bidding and approved in accordance 
with every single project, there is no definite signal for investor to 
exploit wind resource, which results in the investments for wind 
power from foreign and private companies will be inevitably 
affected. With the trial implementation of the policy, the investors 
of wind power projects are mainly large state-owned power 
generation and energy companies, regardless of tendering by the 
central government organizations or approving by the local 
authorities, which are likely to cause industry monopoly and not 
conducive to the formation of wind power competitive market. 
Third, the pricing way of the wind power feed-in tariff is not fair. 
For example, wind farms at the junction of two different tariff 
levels owned similar wind resources may be significant differences 
in the feed-in tariff. This unfair phenomenon led to two negative 
results that the tariff signal is not clear and cannot play the role of 
guiding wind power investment. 

For solar photovoltaic power generation, the problems of public 
tender price policy include: First, the lack of the necessarily 
supporting policies for solar power tendering tariff system which 
results in the bidding price is a serious deviation from the 
actual cost. Blind price competition exists in bidding process 
caused intense price war. This negative impact extends to the up- 
stream industry chain from downstream operators, and seriously 


Provinces (autonomous regions/municipalities) renewable energy tariff subsidies statistical. 


Data Source: State Electricity Regulatory Commission. 


Province Renewable energy tariff Renewable energy projects should 
additional income balance be subsidies amount (excluding tax) 
(after tax) 
Beijing 13,329.51 2584.11 
Tianjin 15,494.00 918.0 
Hebei 27,652.40 47,543.96 
Shanxi 14,657.64 7785.77 
Shandong 30,027.30 34,717.36 
Inner 19,055.52 32,973.73 
Mongolia 
(western) 
Inner 3079.90 18,425.54 
Mongolia 
(eastern) 
Liaoning 21,487.00 29,897.00 
Jilin 8834.76 19,445.34 
Heilongjiang 8737.79 51,028.88 
Shaanxi 10,286.0 810.00 
Gansu 12,403.89 6616.02 
Ningxia 6445.14 15,797.41 
Qinghai 1065.9888 1326.93 
Xinjiang 5260.37 40,298.21 
Shanghai 23,788.3 1625.98 


Province Renewable energy tariff 


additional income balance 


Renewable energy projects should 
be subsidies amount (excluding 


(after tax) tax) 
Jiangsu 24,869.40 78,712.20 
Zhejiang 16,745.39 6145.78 
Anhui 9756.40 7622.98 
Fujian 15,463.62 18,337.65 
Hubei 14,497.84 4994.14 
Henan 21,709.05 15,031.00 
Hunan 16,969.51 1804.39 
Jiangxi 13,333.59 2244.33 
Sichuan 25,456.45 1634.56 
Chongqing 10,756.00 1256.00 
Guangdong 99,998.92 532.11 
Guangxi 16,016.71 1836.55 
Yunnan 16,616.30 3631.75 
Guizhou 19,848.58 - 
Hainan 3051.02 580.5 
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damages the sustainable development of the solar power industry. 
Second, the expected return on investment caused by the price 
war is low, and private investors are reluctant to get involved in 
solar power operators, which lead to the investors mainly are large 
and medium-sized state-owned energy groups. Therefore, the 
investment demand of wind power is suppressed to an extent 
[37]. The problems of non-tender projects with unified feed-in 
tariff policy include: unified feed-in tariff is contrary to the 
distribution of resource in China. China's solar resource is divided 
into four regions based on the richness of the solar resource, using 
a unified benchmark price will against to the development of solar 
power. Solar power investors, with a unified benchmark price, 
will increase the installed capacity of solar photovoltaic power 
in western regions where sunshine resources are abundant. 
However, the grid support technology in western region is poor, 
and the grid connection problem is also not resolved, which may 
result in the waste of investment and will reversely have impact 
on a balanced development of the Chinese solar photovoltaic 
power industry. Second, with the limitations of solar resources, 
the investment recovery period of solar power generation projects 
in eastern China is longer compared with western China, which 
hinders the development of photovoltaic power generation in that 
region. As a result, the development of relevant industries in the 
east and west will face imbalance predicament. 

For biomass power, first, biomass power industry is still in its 
infancy in China, with the lower level of technology and higher 
costs, biomass power feed-in tariff is relatively high, which makes 
the biomass power generation companies unable to compete with 
conventional energy companies in the electricity market [38]. 
Under the circumstances, the development of biomass energy 
industry will suffer adverse effects from the high feed-in tariff. 
Second, there could be adverse consequences for using various 
biomass resources effectively with a unified feed-in tariff. Based on 
the current renewable energy tariff management approach, the 
price of biomass power generation uses the same standard in 
the same area, but this is obviously contrary to the status quo 
of China's economic development and resources distribution. 
Currently, the economic development level in eastern China is 
much faster than that in western region. The imbalance of 
economic development among different provinces causes that 
the difference among technical level, financial strength and the 
labor costs is huge, which results in the biomass power generation 
cost of the various provinces is also different. As is known to all, 
formulating a unified tariff for the different costs of power 
generation is contrary to the principles of economics. Third, the 
pricing policy of co-firing biomass power generation projects is 
not clearly enough. The co-firing power price policy has not been 
introduced, because monitoring is difficult, and the necessary 
technical means for monitoring are also scarce, which will not 
be conducive to the diversity development of biomass energy. 


4.1.2. Problems of grid connection expenses 

For the grid connection expenses, the main problems include: 
first, the subsidy standard of grid connection engineering is low. 
The current subsidy standard of grid connection expenses is 
between 0.01 and 0.03 RMB/kWh, which is unable to meet the 
needs of the grid connection engineering investment and unat- 
tractive to companies for investing in power [39]. In 2008, the 
subsidies for grid connection expenses gained in accordance with 
the regulations was more than 280 million RMB in Ningxia, more 
than 320 million RMB in Gansu, more than 330 million RMB in 
Xinjiang, which were only enough to cover the debt service costs 
of the power transmission and transformation investment of 
existing transmission projects [40]. The expenditure of the trans- 
mission projects is woefully inadequate, which negatively affects 


the normal production and operation of the power grid compa- 
nies. Second, the subsidy policy does not reflect the actual project 
investment costs of grid connection engineering. Existing subsidy 
policy of grid connection does not consider the factors of electrical 
energy long-distance transmission and the grid expansion sending 
and receiving side of large-scale renewable energy generation 
base. The subsidy policy for grid connection formed on above basis 
is unreasonable, which is against to investment and development 
of renewable energy. 


4.1.3. Problems of tariff surcharge subsidies 

The main problems of tariff surcharge subsidies include: On the 
one hand, the levied standard of renewable energy tariff surcharge 
subsidies is low, which is unable to meet the needs of future 
development of renewable energy. According to the “Medium and 
long-term development plan for renewable energy” issued by 
NDRC in 2007, the proportion of renewable energy in energy 
structure will reach 15% in 2020. However, the rise in tariff 
subsidies standard is limited. The growth rate of renewable energy 
production will be much higher than that of taxable electricity of 
tariff surcharge, which means that the subsidy gap will be 
widening. There was a shortage of about 2 billion RMB for renew- 
able energy subsidies in 2010, which increased sharply in 2011, up 
to 10 billion RMB, as shown in Table 7. On the other hand, time-lag 
effect exists in the allocation of subsidy fund in the actual 
operation. According to the “Interim Measures on Revenue Alloca- 
tion from Renewable Surcharges”, the equalization of surcharges 
and payments of subsidies to renewable generators were required 
to occur monthly. However, the equalization has occurred every 
six-nine months in practice [41]. This delay is the result of the 
complicated, bureaucratic process of determining how much each 
province is entitled to and the funds should be collected from 
which other provinces. As a result of time-lag effect, a renewable 
generator entitled to a feed-in tariff will not receive the appro- 
priate subsidy above the cost of coal-fired power until at least six 
months after the energy was actually sold to the grid company. 
This delay in collecting subsidies has put a strain on the cash flow 
for renewable power generators and their investors, ultimately 
hinder the scaling-up of investment needed for China to reach its 
renewable energy development goals [42]. 


4.2. Countermeasures of renewable energy tariff policy 


In a market economy, price is the most effective adjustment 
mechanism. Reasonable price policy play a pivotal role in going 
out of the predicament of renewable energy's development and 
achieving the target of the “12th Five-Year Plan”. Consequently, the 
corresponding countermeasures and suggestions about feed-in 
tariff, grid connection expenses and tariff surcharge subsidies 
were proposed in the following sections in view of the problems 
existed in tariff policy of renewable energy. 


4.2.1. Perfect feed-in tariff policy for renewable energy 

For wind power, first, improving wind power price mechanism 
is urgently. It is recommended that the part of wind power feed-in 
tariff paid by the grid companies should be fixed. The main factor 
that affects the desulfurization benchmark electricity price is the 
fluctuation of coal prices. In accordance with existing regulations, 
grid companies firstly pay part of the local desulfurization bench- 
mark price, the rest part should be paid by renewable energy 
subsidy incomes [43]. However, there are no direct and contrastive 
relations among wind power feed-in tariff, coal price and coal- 
fired power feed-in tariff. It is unreasonable for grid companies to 
pay wind power price based on the rising of desulfurization 
benchmark feed-in tariff. Therefore, it is a feasible choice that 
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the payment standard level of grid companies can be fixed by 
using a desulfurization benchmark price with particular year. 
Second, this article proposed that the four wind power benchmark 
price regions should be reduced to two. One price is for rich wind 
energy resources region, which combined the current class I and II 
into a large class with benchmark price of about 0.60 RMB/kWh. 
Another price is the rest region of the country, which merged the 
current class Ill and IV into a large class with benchmark price of 
about 0.65 RMB/kWh. Third, the preferential wind power feed-in 
tariff policy should take full account of the assimilative capacity of 
grid. The tariff policy should always play the role of market signals, 
which is beneficial to ensure wind power investors make reason- 
able investment. As a result, the grid companies can maintain a 
reasonable proportion of wind power capacity in the total capa- 
city, which can prevent the generation capacity from exceeding 
the actual affordability of the grid. 

For solar photovoltaic power, policy-makers need to refine the 
attractive pricing policies and adjust the price at any time based 
on the changes of the cost of power generation. The demonstra- 
tion projects should be put out to tender actively on the basis of 
establishing reasonable price standards, and the price standards 
should ensure investors of solar power projects are able to get a 
reasonable rate of return on investment, which can provide some 
growth space for the development of solar photovoltaic industry. 

For biomass power generation, in view of the externality of 
electricity products and the raw material costs of biomass power 
generation, the prices for different types of biomass should be 
determined according to the principles of encouraging the produc- 
tion of biomass power generation when the market of biomass 
power generation industry formed to a certain level. 


4.2.2. Perfect grid connection expenses 

For renewable energy grid connection expenses, it is necessary 
to alter the way of current grid connection subsidy into financial 
incentives which can change the status quo for the lower grid 
connection expenses of renewable energy generation. The future 
policy for raising the subsidy standard should be developed to 
guarantee that the grid connection project investments can be 
recouped [44]. For small-scale wind power base, this subsidy 
standard can be determined by benchmarking way and collected 
according to on-grid energy. For large-scale wind power base, it is 
sensible that the price subsidies standard of grid matching 
engineering be individually approved due to the factors of elec- 
tricity and energy long-distance transport and grid expansions of 
sending and receiving side of renewable energy power generation 
base [45]. In addition, in order to promote the renewable energy 
development, it is necessary for future tariff policy makers to 
refine that the a higher part of the grid matching engineering costs 
of renewable energy generation base than construction and 
operation costs of conventional generation base which will be 
shared in the country through renewable energy tariff surcharge. 


4.2.3. Perfect subsidy standard for renewable energy 

Although the subsidy standard for renewable energy has 
increased, energy experts said that there is still room for lifting. 
China's annual renewable energy installed capacity increased by 
more than 30%, while the national electricity consumption growth 
rate remained at about 10%. This growing gap between installed 
capacity and electricity consumption will result in the expansion 
of renewable energy subsidy funding gap, which can be solved by 
increasing the standard of renewable energy subsidy. According to 
the development planning of renewable energy, it is recom- 
mended that the subsidy standard should be lifted to 0.01 RMB/ 
kWh in 2020 in order to better promote the development of 
renewable energy industry. Under the standard of 0.01 RMB/kWh, 


the cumulative subsidies for renewable energy power generation 
will reach 643 billion RMB by 2020. 


5. Conclusion 


Renewable energy is the inevitable choice for sustainable 
economic growth. In order to promote and ensure the rapid, 
effective and sustainable development of renewable energy, the 
Chinese government has formulated a series of tariff policies on 
renewable energy development. These policies play a significant 
pushing and guiding role in the development and use of renew- 
able energy. This review paper details and presents the status of 
China's renewable energy tariff policy, including the policy evolu- 
tion, implementation, effects, problems and countermeasures, 
Which has a very important role in the development of renewable 
energy. 

As mentioned in the introduction of this article, the tariff policy 
is just one of the important measures to promote the development 
of renewable energy, it is necessary to consider other supporting 
policies and market-oriented reforms for the sustainable develop- 
ment of renewable energy. Therefore, the scholars can conduct 
their studies from the following aspects in the future: (1) the 
reform of renewable energy's management system. It is necessary 
for scholars to research how to form a perfect co-management 
mechanism that government, market and public are all involved 
in. a good market is a prerequisite for the large-scale development 
and commercialization of renewable energy; and eliminating 
market barriers is the key to sustainable development of renew- 
able energy; it is needed to strengthen the legalistic and political 
constraints and accountability responsibilities to the Government 
and other relevant authorities’ behaviors when they fulfill their 
energy management duties if the industry want to get an impor- 
tant guarantee for its development. Strengthening participation of 
the public is another important complement to the development 
of renewable energy. Therefore, shifting the research focus from 
the traditional state-directed energy development model to the 
new model that involves in cooperation and division of govern- 
ment, market and society's work is very urgent and critical. (2) The 
technology innovation about renewable energy. Presently, some 
achievements have been made in China's renewable energy 
industry and the relevant technology development. However, the 
development and utilization technology of China's renewable 
energy is still in its infancy compared with developed countries, 
which means that its technology development and innovation 
capacity is still weak and it still does not form a perfect technical 
service system. Therefore, the future studies can focus on how to 
improve efficiency, reduce costs and solve other problems encoun- 
tered in the process of renewable energy development and 
utilization through technological means. (3) The renewable Port- 
folio Standard (RPS). RPS as an effective mechanism for promoting 
the development of renewable energy has been implemented 
successfully in Europe and the United States. the current policies 
cannot solve all the problems of generation and connection on the 
grid of renewable energy and market disposing with unbalance 
resource distribution and irrational energy structure in China. 
Therefore, introducing RPS policy has importantly practical sig- 
nificance. What obstacles and risks will emerge for the develop- 
ment of renewable energy if RPS was introduced in China and how 
to design a reasonable policy framework in accordance with 
China's specific circumstances, all of these need further study. 

From the future perspective, a vast development space can be 
provided to renewable energy. With the development of technol- 
ogy and the improvement of supporting policy, the renewable 
energy will be on a stage of rapid development in the next period 
of time. The development of renewable energy is a major strategic 
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move for regulating the total energy consumption and construct- 
ing a safe, modern, stable and economic, clean energy industry 
system. Therefore, in the light of the deployments of developing 
strategic emerging industries, the related institutional innovation 
and market-oriented reforms should be introduced in order to 
create a good environment for large-scale exploitation and utiliza- 
tion of renewable energy and industrial development, which can 
promote a omni-directional, diversified and large-scale develop- 
ment for renewable energy and help China achieve emission 
reduction targets. 
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